Introduction

34
The present-day morphology of the Abu Dhabi coastline of the United Arab Emirates is interpreted 35 of the Persian Gulf inhibits wave development, thus, low-energy conditions dominate. The tidal 87 regime of the Persian Gulf is microtidal (1-2 m). 88
The very low-angle geometry of the Abu Dhabi coastline results in this region being extremely 89 sensitive to fluctuations in sea level. Even small changes in relative sea level will result in significant 90 lateral shifts in facies belts. Dhabi shoreline at a rate of 8.25 m/yr. This transgression is, to some extent, countered by 93 progradation of the sabkha system (Lokier and Steuber, 2008) . The sensitivity of this coastal system 94 to minor sea level fluctuations provides an opportunity to apply these findings beyond the 95 immediate region of the Persian Gulf to further constrain the timing and extent of the mid-to late 96
Holocene global sea level highstand. 97
The climate at the Abu Dhabi coast is extremely arid with a mean annual precipitation of 72 mm 98 (Raafat, 2007) . Rainfall is often extremely localised, occurring as brief heavy rainstorms concentrated 99 during the months of February and March. Some regions may not experience any rainfall for periods 100 in excess of a year. Evaporation rates are high with an annual mean of 2.75 m (Bottomley, 1996) for each samples were derived from this replicate data using the central age model (Galbraith and  143 Green, 1990) excluding outliers (those aliquots outside 2 standard deviations of the mean). 144
Elemental concentrations were determined from ICP-MS analysis with the resultant uranium, 145 thorium, rubidium and potassium values being used, once suitably attenuated for moisture (a 146 saturation value of 30 ± 5% was applied), size and density to calculate sample dose rates. 147
Cosmogenic contributions were calculated using the algorithm of Prescott and Hutton (1994) . 148
Samples for the analysis of δ 18 O and δ 13 C were prepared from three thick sections of articulated 149 filter-feeding bivalves. Powder was milled from the thick sections parallel to growth bands using a 150 0.8 mm diameter tungsten drill bit. Samples were analysed at GeoZentrum Nordbayern using a 151
Gasbench II connected to a ThermoFinnigan Five Plus mass spectrometer. External reproducibility is 152 better than 0.1‰ δ 18 O and δ 13 C at 2 sigma. 153
Three stratigraphic sections were logged in detail for this study (Fig. 2) . The sections all lie on a 157 north-south transect along the eastern wall of the Mussafah Channel, and were selected in order to 158 avoid areas with any evidence of anthropogenic disturbance. The central section (MC-3) lies within 159 the excavation site and records the relationship between sedimentary facies and the skeleton (Figs 3  160   & 4) . 161
The base of the stratigraphic succession is only observed in section MC-1 where it comprises a grey 162 peloidal and bioclastic carbonate sand with large gypsum lathes up to 30 cm in diameter (Table 1,  163 Figs 2 & 5). This horizon is overlain by a locally-degraded laminated microbial mat containing isolated 164 bioclasts bound within the laminations. The microbial mat horizon is overlain by a carbonate-165 cemented planar hardground dominated by bioclasts but with isolated gypsum lathes. The planar 166 surface of the hardground lacks any evidence of encrustation or boring. Above the hardground, 167 locally-laminated peloidal bioclastic carbonate sand becomes increasingly mud-dominated up-168 section (Table 1) before passing into a horizon of bioturbated, poorly-laminated muddy facies that 169 again contains peloids and bioclasts. This horizon is locally bioturbated by mm-wide sub-vertical 170 burrows with distinctive dark-brown margins. Locally cross-bedded bioclastic gravels, dominated by 171 gastropods, bivalves and peneroplid foraminifera, are banked against some of the bones of the 172 skeleton, these gravel banks do not exhibit any preferred orientation. The succeeding unit is a peloid 173 and bioclastic sand with mud. The top of the succession comprises gypsum gravel with an increasing 174 anhydrite component in the uppermost portion ( Table 1 ). The anhydrite is locally distorted to form 175 an enterolithic texture (Figs 2 & 4B). Gypsum lathes occur throughout the succession with a decrease 176 in size up-section. Siliciclastic material was only observed in the hardground and underlying units 177 (Fig. 5) . A series of iron-oxide stained horizons occur at a depth of 26-53 cm below the surface of the9
The skeleton of the cetacean lies, in an inverted position, atop the hardground within the peloidal 181 bioclastic carbonate sand and mud horizons. The lower portions of the jaws and skull locally 182 penetrate into, and are embedded within, the underlying hardground. Locally, articulated bivalves 183 (Saccostrea) were found attached to the ribs close to the vertebrae. The sediments adjacent to the 184 skeleton exhibit lateral variability both in terms of grain size and component allochems (Table 1) . 185
186
Dating the stratigraphic sequence
187
The calculated radiocarbon dates are presented in Table 2 along with the calibrated age ranges and 188 OSL relies on establishing the average burial environmental dose rate in order to calculate the age of 212 the sample. Environmental dose rate is controlled by the presence of radioactive elements (uranium 213 (U), thorium (Th) , rubidium (Rb), potassium-40 (K)) and cosmic rays. The presence of water is also 214 important as it absorbs radiation differently from the sediment (Lian et al., 1995). During OSL date 215 calculation, it was assumed that the average moisture since burial was at saturation (30%). This 216 assumption is based on the presence of the iron-stained horizons which show that, prior to the 217 excavation of the Mussafah Channel, the site lay wholly below the water table. This then is not the 218 source of OSL age under-estimation. 219
Both uranium and potassium are soluble, therefore it is possible that fluctuating saline groundwater, 220 coupled with a high evaporation rate, could have modified the environmental radiation dose since 221 burial by leaching and concentrating these elements. Whilst it is not possible to reconstruct changes 222 of dose rate through time, two observations can be made. Firstly, both U and K increase with depth 223 and secondly the Th:U ratio for the three samples is 0.22, this is significantly different than the upper 224 continental crustal average (UCC) of 3.82 (Taylor and McClennan, 1985) . uncertainties were applied to correct ages for disequilibrium. In the current study we can show with 229 the benefit of the independent radiocarbon chronology that this approach doesn't work for young 230 samples. If, however, an average UCC is applied to the data by reducing the U concentrations (i.e. 231 assuming present-day values reflect recent concentration) OSL ages are brought into line with those 232 of radiocarbon (5.31 ±0.27 to 6.76 ±0.34 ka; Table 3 The hardground that immediately overlies the microbial mats (Fig. 2) is interpreted to have 279 developed in the lower intertidal to subtidal zone, a setting in which hardgrounds are developing in 280 the Persian Gulf today (Lokier and Steuber, 2009; Shinn, 1969) . This implies renewed transgression 281 following deposition of the microbial mat horizon (Fig. 6) . The preservation of the underlying 282 microbial mats during transgression is problematic since marine flooding will place the mats in an 283 environment where gastropods or other marine organisms are able to actively graze upon them. 284
However, if transgression was rapid, then it is feasible that the microbial mats would be promptly 285 buried, thus preserving them from grazing epifauna. Buried mats would remain vulnerable to 286 destruction through the activities of burrowing deposit-feeding organisms. However, the modern 287 microbial mats are observed to be anoxic at shallow depths below the surface. Such anoxia would 288 inhibit infaunal activity. The development of hardgrounds can be rapid, crusts may form in less than 289 20 years (Shinn, 1969) , thus aiding the preservation of underlying microbial mats. 290
Recent intertidal hardgrounds form large-scale (>100 m diameter) polygons with a dish-like 291 morphology comprising a planar interior and gently-uplifted margins. The polygons retain water to 292 form shallow (10 cm) ponds at low tide and are totally inundated, and recharged, during high tides. 293
The interior of these intertidal polygons is covered by a thin (3-5 cm) veneer of sediment that may 294 be temporarily removed during high-energy storm events (Lokier and Steuber, 2009) The remarkably planar surface of the hardground in the Mussafah Channel (Fig. 4) has previously 324 been interpreted as a possible aeolian erosional feature in which the surface of the hardground was 325 wind-planed (Kirkham, 1998). However, as some of the cetacean bones clearly penetrate, and are 326 cemented within, the hardground this interpretation is deemed to be unlikely, as such an intense 327 process would have caused significant abrasion and, weathering of the skeleton. shoreline. This material is primarily derived from subaerially-exposed erosional remnants of the 360 middle-late Pleistocene Ghayathi Formation in the supratidal zone and generally reduces in 361 abundance distally into the lower intertidal to subtidal zone (Lokier et al., 2013) . The lack of 362 siliciclastic material in the units associated with, and immediately overlying, the skeleton (Fig. 5) is 363 consistent with deposition in a setting at some distance from the supratidal zone. 364
The laterally-continuous iron oxide-stained horizons (Fig. 2) (Lokier and Steuber, 2008) . This 372 disparity is consistent with the slowing of progradation rates over time, implying rates exceeding1.81 m/yr prior to 1.4 ka. A rapid fall in sea level resulted in forced regression that was followed by 374 normal progradation as sea levels stabilised at a lower level (Fig. 6) . 375
376
Implications for mid-to late Holocene relative sea level
377
The sedimentary sequence observed at the Mussafah Channel is interpreted in the context of a 378 whale beaching event as a complete parasequence recording a single flooding episode followed by a 379 relative sea level fall. As mentioned previously, the microbial mat belt in the Recent Abu Dhabi 380 sabkha is constrained to the landward limit of the intertidal zone, and is therefore effectively a 381 datum recording the height of mean higher high water (MHHW). We can assume that the buried, 382 ancient, microbial mat observed in the Mussafah Channel stratigraphic section was developed in a 383 similar environment and, thus, records MHHW at the time of microbial mat growth. Today, the 384 height of MHHW for the Umm Al Nar tide gauge (Fig. 1) is 1.64 m (Mohamed, 2008) . The ancient 385 microbial mat at the Mussafah Channel section lies at 1.85 m above chart datum, it can therefore be 386 inferred that sea levels were 20 cm higher than today at 7103-6887 cal yr BP (Fig. 6) The succession of the microbial mat by a hardground horizon records a retrogradational geometry 391 during continued flooding from 6887-6567 cal yr BP, with an additional 1.1 m of carbonate and 392 evaporite sediments being deposited above the microbial mat (Fig. 2) . In peritidal carbonate settings 393 it has been inferred that accommodation space will be completely infilled by sediments ( should be considered as a minimum value for the highstand (Fig. 6) . with current uplift rates of 1 mm/yr. Given that the relief of the Mussafah Channel microbial mat is 425 akin to present day MHHW, such a rate of tectonic uplift would necessitate a eustatic sea level rise 426 of 7 m over the past 7,000 years with a stillstand in the shoreline of the Persian Gulf over this period 427 -a hypothesis that clearly is not supported by any observational evidence, both in this study and 428
elsewhere. Thus, our observations support the hypothesis that the southern shore of the Persian 429 Gulf has been tectonically stable throughout the late Quaternary (Stevens et al., 2014) . 430
In conclusion, the mid-to late Holocene sea level highstand surpassed present day sea level at 7100-431 6890 cal yr BP and reached a minimum amplitude of 1 m above current sea level (Fig. 6) . 432
Unfortunately, due to a lag in sediment deposition and the effects of deflation, it is not possible to 
